Abstract Infections with geographically constrained dimorphic fungi cause the endemic mycoses, which include blastomycosis, coccidioidomycosis, emmonsiosis, histoplasmosis, paracoccidioidomycosis, sporotrichosis, and penicilliosis. In the last 5 years, our understanding of the epidemiology, diagnostics, and to a lesser extent management of these diseases has advanced. Specifically, the application of molecular techniques for genotyping fungal pathogens has resulted in the recognition of cryptic species within several genera, including Blastomyces, and Paracoccidioides; the reclassification of Penicillium marneffei, the agent of penicilliosis, to the genus Talaromyces; and the global emergence of dimorphic fungi of the genus Emmonsia, cause disease in immunocompromised persons. New and refined diagnostic tests are available based on the detection of circulating antigens and antibodies, mass spectrometry, and targeted gene amplification. In contrast, the development of new therapeutic options remains stalled, although isavuconazole may hold promise. Finally, advances have been made in the prospect of viable vaccines for preventing animal and human disease.
Introduction
The endemic mycoses are caused by a diverse group of fungal pathogens. These agents share several characteristics including life cycles that include environmental saprophytic mold phases, and parasitic yeast-like phases; their ability, in most cases, to cause disease in immunocompetent hosts, while serving as a significant source of morbidity and mortality in immunocompromised patients; and the prerequisite of residence in or travel to a specific environmental location/niche for exposure and subsequent development of disease [1] .
The last 5 years have led to refinements in our understanding of the epidemiology of these infections. Recognition of infection in regions outside the traditional regions of endemicity has recently occurred, and work is ongoing to further delineate the true geographic range of these fungal organisms. Additionally, analysis of organisms using molecular typing and whole genome sequencing has improved our understanding of genetic diversity, clarified phylogenetic relationships, and identified novel species.
Advances in diagnostic testing have also occurred with improved serologic techniques, the identification of fungal This article is part of the Topical Collection on Mycology * George R. Thompson, III grthompson@ucdavis.edu antigens useful for both diagnostic and prognostic purposes, and molecular amplification all now commercially available for a number of infections. Treatment advances have lagged behind, with few new options available. However, the development of the new broad-spectrum triazole isavuconazole provides an alternative agent to those previously available.
Blastomycosis Epidemiology
Recent studies have advanced our understanding of the genetic diversity of the agents of blastomycosis. Meece et al. analyzed 27 polymorphic microsatellite markers of 112 clinical, veterinary, and environmental Blastomyces isolates, mostly from Wisconsin. They demonstrated that isolates could be placed in either of two distinct genetic groups [2] . Later, Brown et al. compared 7 nuclear loci among 78 clinical and environmental Blastomyces isolates representing a wider geographic range [3] . These authors confirmed distinct genetic groups among Blastomyces dermatitidis. Furthermore, they invoked molecular taxonomic criteria to suggest that one of these genetic groups represented a cryptic species, which they named Blastomyces gilchristii. Furthermore, their analysis suggested that B. gilchristii was the predominant species in northwestern Ontario and Wisconsin [3] , both areas of hyperendemicity [4, 5] . The ecologic and clinical implications of this genetic distinction are currently unknown and merit further study to assess clinical, virulence, and treatment differences.
Diagnostics
An antigen enzyme immunoassay (EIA) developed for the diagnosis of blastomycosis is available, with a reported sensitivity of 89 %, but with high rates of cross-reactivity with histoplasmosis [6] . An antibody EIA to the surface protein and critical virulence factor BAD-1 was reported to be more specific (99 % vs controls without fungal infections and 94 % vs controls with histoplasmosis) and had comparative sensitivity to the antigen test (approximately 88 %) [7] . The role for these tests in clinical practice is yet to be demonstrated, but at best they may augment clinical, histopathological, and microbiological diagnostic approaches.
Therapy
The mainstay of treatment of severe blastomycosis remains lipid formulations of amphotericin B, followed by a prolonged course of triazole therapy [8, 9] . In most circumstances, itraconazole remains the preferred agent for continuation therapy, although voriconazole achieves good concentrations in the central nervous system and may have a role in the treatment of patients with central nervous system blastomycosis [10, 11] . For mild or moderate disease, itraconazole alonegiven for 6 to 12 months-is usually sufficient [8] .
Outcomes in acute respiratory distress syndrome (ARDS), the most feared complication of blastomycosis, remain unsatisfactory. Extracorporeal membrane oxygenation has been used successfully in extreme cases [12] . Given the overwhelming systemic inflammation associated with ARDS, optimism has been expressed for a role for corticosteroids in ARDS caused by blastomycosis, bolstered by anecdotes of success [13, 14] . More data is required before this approach can be recommended [8] .
Prevention
One preventative strategy against blastomycosis that may hold promise is the development of a vaccine [15] . Th 17 cells appear indispensable for vaccine-mediated immunity, and protection appears to be mediated by the adaptor molecule MyD88 [16•] . A live-attenuated vaccine lacking BAD-1 proved safe and immunogenic in dogs [17] . For now, a commercially available vaccine to prevent blastomycosis in animals or humans remains a distant, if hopeful, prospect.
Coccidioidomycosis Epidemiology
Coccidioides immitis and Coccidioides posadasii, the etiologic agents of coccidioidomycosis, are endemic throughout the western United States, Mexico, and some areas of central and South America [18] . Recent work has focused on further elucidating the Btrue^range of Coccidioides, and soil samples from Washington and Utah have both been found to harbor this fungal species [19] . Genetic characterization of samples from these samples using molecular clocks suggests Coccidioides has been present in these locations for a significant amount of time rather than being newly imported [20] . The spread of the organism to these locations may be secondary to the ability of Coccidioides endospores to survive for long periods of time following aerosolization. In contrast, recent analysis of the Coccidioides genome has suggested these organisms are not soil saprophytes but have instead evolved to remain associated with their dead animal hosts in the soilfindings suggesting a possible rodent reservoir-although this hypothesis has not yet been definitely proven [21] .
Phylogenetic inference and population genomic analysis of multiple Coccidioides genomes has identified distinct geographic clades in Tucson and Phoenix Arizona, with California and the Baja Peninsula representing a second clade, and Texas, Central and South America a third. These findings suggest C. posadasii is the more ancient of the two species with a southern Arizona origin and subsequent spread both north and south out of this region [22•] .
Diagnostics
Despite the prevalence of coccidioidomycosis within the endemic region, the disease often remains undiagnosed or is subject to substantial delay (mean time from symptom onset to diagnosis, 5 months) [23] . Within the endemic region, close to 30 % of all community acquired pneumonia (CAP) is caused by Coccidioides [24] ; however, no clear recommendations have been offered by the Infectious Diseases Society of America (IDSA) or American Thoracic Society (ATS) regarding uniform testing of all patients at risk [25] . Patients with pneumonia accompanied by a rash or a peripheral eosinophilia are more likely to have coccidioidomycosis than a bacterial etiology and these can be helpful clues [26] .
Serologic methods are the mainstay of diagnosis with EIA, immunodiffusion (ID), and complement fixation (CF) frequently used. The sensitivity and specificity of each test differs and EIA testing is routinely used to Bscreen^those with possible coccidioidomycosis, while positive tests are confirmed with a more specific test such as ID or CF. CF testing provides a quantitative result and is useful for following patients over time. Antigen testing is now commercially available but has a limited role in the immunocompetent patient although may be useful in those with profound immunosuppression without the ability to manifest a serologic response to infection [27, 28] . Polymerase chain reaction (PCR) testing has limited usefulness in clinical diagnostics [29] .
More recently, a lateral flow assay (LFA) has been developed with comparable sensitivity and specificity to other serologic methods. This test is similar in methodology to that of the cryptococcal antigen test now in wide-scale clinical use. A LFA for coccidioidomycosis allows for point-of-care diagnosis and would avoid the delay in a Bsend out^test in the initial evaluation of those with possible coccidioidomycosis.
Skin testing using coccidioidal antigen has returned to the market in a new formulation (Spherusol) [30] . Skin testing is useful primarily for epidemiologic surveys or to document those with existing immunity to infection although false negatives appear common (CA prison system, unpublished data). Whether a Bbooster effect^is present and repeat testing is necessary in those with a negative test remains unclear.
Therapy
The decision to treat primary pulmonary coccidioidomycosis remains an ongoing debate among experts in the field due to the lack of data definitively demonstrating treatment alters or shortens the course of disease [21] . When treatment is indicated, the majority of patients are treated with fluconazole for 3-6 months. Itraconazole has been proven superior for those with skeletal disease. Severe disease necessitates an amphotericin B formulation [25] .
In an attempt to answer the question regarding the benefit of antifungals in those with mild-moderate pulmonary disease, the National Institutes of Health has recently sponsored a prospective double-blind study. Patients presenting with respiratory symptoms compatible with coccidioidomycosis will be randomized to CAP treatment with or without fluconazole. The primary outcome will be symptomatic improvement at d a y 4 2 . E n r o l l m e n t i s c u r r e n t l y u n d e r w a y (ClinicalTrials.gov, NCT02663674).
Emmonsiosis Epidemiology
The global epidemiology of thermally dimorphic agents of disseminated emmonsiosis was recently reviewed [31•] . This polyphyletic group of pathogens includes at least seven separate taxa, among which only one species (Emmonsia pasteuriana) has been named [31•] . In addition, there are two other members of the genus, Emmonsia parva and Emmonsia crescens; these do not cause disseminated disease, but rather cause a distinct clinical syndrome called adiaspiromycosis. This granulomatous lung disease is caused by the host response to so-called adiaspores, enormous, sessile cells that follow transformation from inhaled conidia [32] . Infection with dimorphic Emmonsia spp. is also presumed to follow inhalation of conidia; however, instead of forming adiaspores, the conidia transform to yeast-like cells capable of replication, extra-pulmonary dissemination, and disease [31•] . The taxonomic arrangement of the group is currently in flux, complicated by the fact that the type species, E. parva, appears more related to Blastomyces spp. than to E. crescens [33] .
The first thermally dimorphic Emmonsia species to be recognized was E. pasteuriana, isolated in 1994 from a human immunodeficiency virus (HIV)-infected Italian woman with a disseminated mycosis [34] . Since then, cases have been reported in immunocompromised patients from Spain [35] , China [36, 37] , and India [38] .
On the other hand, the highest burden of emmonsiosis appears to be in South Africa, where a novel Emmonsia species was recently recognized as the cause of an acquired immunodeficiency syndrome (AIDS)-related mycosis [39] . Between 2008 (when molecular techniques were introduced to augment phenotypic identification of dimorphic fungi in South Africa) and 2015, 54 cases were diagnosed [40] , although this likely represents the Btip of the iceberg.^To date, all cases have occurred in profoundly immunocompromised individuals. Earlier reports [40, 41] of disease in immunocompetent patients were, in fact, due to a second novel species of dimorphic fungus endemic to South Africa that appears to be more closely related to Blastomyces spp. [31•] .
The true geographic range of these organisms is currently unknown, although cases have been reported sporadically from North America, Europe, and Asia [31•]. Our understanding of the range within sub-Saharan Africa is hampered, in part, by limited capacity for diagnostic mycology in many countries.
Clinical Features
The clinical presentation of emmonsiosis is similar to progressive disseminated histoplasmosis or penicilliosis in immunocompromised hosts [39, 40] . Cutaneous disease is most common, occurring in more than 95 % of patients at time of diagnosis [40] . Skin lesions usually include widespread papules and/or plaques, although other morphologies can also occur. The infection frequently becomes apparent as part of an unmasking immune reconstitution inflammatory syndrome (IRIS), with cutaneous lesions appearing weeks or months after initiating antiretroviral therapy (ART). In retrospect, ART was usually started-along with empiric antituberculosis therapy-in response to constitution and pulmonary symptoms that likely represented protean manifestations of the disease [40] . In addition to cutaneous and lung disease, virtually any body system may become involved, including hepatic, reticuloendothelial, and gastrointestinal systems.
Diagnostics
Biopsy of affected tissue for histopathology is the most expedient way to diagnose a deep fungal infection, although features are identical to those of other dimorphic mycoses including histoplasmosis and sporotrichosis [40] . Culture of skin biopsy tissue on standard fungal media is usually diagnostic, although growth may take up to 4 weeks of incubation. The sensitivity of blood cultures is enhanced by use of mycobacterial/fungal blood culture bottles. Bone marrow cultures may also yield the diagnosis.
Chest radiographs are frequently abnormal, even when respiratory symptoms are not part of the presenting complaint. Findings are nonspecific, and pulmonary disease can easily be mistaken for bacterial or pneumocystis pneumonia, tuberculosis, or Kaposi's sarcoma [40] .
Therapy
No prospective studies have evaluated treatment strategies, and in the absence of more definitive data, the authors recommend following the IDSA guidelines for other endemic mycoses in immunocompromised hosts [8, 42] . Amphotericin B appears to be important [40] , followed by suppressive itraconazole therapy until immune reconstitution. Optimal timing of ART initiation remains unknown, and clinicians should be aware of the potential for clinical worsening due to IRIS.
Histoplasmosis Epidemiology
Histoplasma capsulatum, the dimorphic fungal pathogen that causes histoplasmosis, is widely distributed [43] . In North America, histoplasmosis is the most common endemic mycosis, with areas of known endemicity including regions along the Mississippi, Ohio, and St. Lawrence River Valleys [43] . However, autochthonous cases have been reported from outside areas of known endemicity, including Idaho, Montana, California, and Florida [44] . The geographic range of H. capsulatum extends through most of Latin America [43] . In fact, in French Guiana, histoplasmosis is the most common AIDS-related opportunistic infection [45] . Foci of endemicity also exist in sub-Saharan Africa and Asia [46] .
Phylogenetic analyses of human clinical isolates have identified eight clades into which H. capsulatum strains may be grouped [47] . Interestingly, the African clade includes strains from all three varieties of H. capsulatum (var. capsulatum, the typical agent of histoplasmosis; var. duboisii-which has larger cells and causes primarily cutaneous and bone disease in limited parts of sub-Saharan Africa, sometimes called BAfrican histoplasmosis^ [46] ; and var. farciminosum-the cause of epizootic lymphangitis in horses) suggesting the distinction of these varieties to be phylogenetically meaningless [47] . More recently, a ninth phylogenetic clade was identified by multilocus sequencing of veterinary isolates from cats in non-endemic areas, though no human cases with these pathogens have been reported [48] . There is data to suggest that genetic, structural, and pathogenic differences exist across clades [49] .
Upon inhalation of H. capsulatum conidia into the lung, conversion to yeast forms and infection of macrophages enable immune evasion and dissemination until T cell-dependent activation of the macrophages contains the infection. In immunocompetent hosts, infection is frequently subclinical [50] . Alternatively, in patients with impaired cell-mediated immunity, infection may result in progressive disseminated histoplasmosis (PDH). Predisposing conditions most commonly include HIV (with risk a function of CD4+ lymphocyte count) [51] , solid organ or bone marrow transplant recipients [52] , and persons being treated with biological therapies, most notably TNF-α blocking agents [53] . Other disease forms include sub-acute histoplasmosis, chronic pulmonary or disseminated histoplasmosis, mediastinal granuloma, and fibrosing mediastinitis [50] .
Diagnostics
While culture and histopathology remain mainstays in the diagnosis of histoplasmosis, antigen detection represents an important diagnostic tool. In the USA, a third generation, quantitative EIA using polyclonal antibodies against Histoplasma polysaccharide is available through MiraVista Diagnostics (MVista, Indianapolis, IN) [54] . This test has been well studied and validated in acute pulmonary histoplasmosis (with sensitivity of approximately 83 % when both urine and serum were tested, but substantially lower when testing was limited to one specimen) [55] and disseminated histoplasmosis (sensitivity >90 % for antigenuria alone) [56] . Serial measurements can also be useful for monitoring response to therapy. The MVista antigen test is limited by the lack of commercial availability of reagents, precluding testing outside of MiraVista Diagnostics' reference laboratory. In addition to delaying turnaround times, this effectively places the test beyond reach of those outside the USA.
Recently, the Centers for Disease Control and Prevention developed an antigen capture enzyme-linked immunosorbent assay. The sensitivity and specificity of antigenuria were 81 and 95 %, respectively, among HIV-infected Guatemalan patients with PDH [57] ; similar results have been found in Colombia. The availability of this test is currently limited [58] .
In 2007, the Food and Drug Agency approved a polyclonal antibody-based in vitro antigen test offered commercially by ImmunoMycologics (IMMY, Norman, OK). This test was limited by poor sensitivity [59] . Subsequently, these manufacturers developed a monoclonal antibody-based test of H. capsulatum galactomannan analyte-specific reagents. This test exhibited improved performance, with a sensitivity ranging from 72-90 % (and up to 100 % in patients with PDH) and a specificity of 96-98 % [59, 60] .
Molecular diagnostic techniques such as real-time PCR have shown promise for diagnosing histoplasmosis from tissue [61] and, to a lesser extent, serum [62] and urine [63] . While they have the potential to improve turnaround times compared to culture, the sensitivity from non-sterile sites remains suboptimal. Furthermore, these tests lack commercial availability that could make them widely available outside reference centers [58] .
Therapy
The IDSA [42] and ATS [9] published relevant clinical management guidelines in 2007 and 2011, respectively. Both recommend liposomal amphotericin B followed by a prolonged course with a triazole (preferably itraconazole) for severe disease and immunocompromised hosts [9, 42] .
The value of the continuation phase was revisited in a recent retrospective study that evaluated 97 HIV-infected persons with histoplasmosis who were on effective ART and who subsequently discontinued triazole suppressive therapy [64] . Relapse occurred in none of the 38 patients in whom discontinuation was physician-initiated, versus 21 of 59 (36 %) of persons in whom discontinuation was patient-initiated. The fact that only ¾ of persons who discontinued triazoles at advice of their physician received at least 12 months of suppressive therapy, as per IDSA guidelines, suggests that some patients may suffice with less [64] .
Paracoccidioidomycosis Epidemiology
The exact range of Paracoccidioides spp. remains unknown, although the region of endemicity extends from Mexico to Argentina and seems to spare certain countries (notably Chile, Suriname, the Guyanas, Nicaragua, Belize, and most of the Caribbean islands). Within countries where the disease is endemic, it is diagnosed only in areas with tropical and subtropical forest, abundant watercourses, mild temperatures, and high rainfall. The greatest numbers of reported cases have come from Brazil, Colombia, and Venezuela [65] .
Phylogenetic analysis of Paracoccidioides brasiliensis has shown that this fungus can be divided into at least three species that appear to be confined to distinct regions [66] . These species have not been formally named, although a proposal has been made to name the highly divergent BPb01-likeĝ roup BP. lutzii^ [67, 68] and genomic comparison has indicated P. brasiliensis is related to the uncultivable pathogen Lacazia loboi [69] .
Diagnostics
The most popular serologic methods for diagnosis of paracoccidioidomycosis are ID and CF. The ID test demonstrates circulating antibodies in over 90 % of cases. The CF test allows a more precise evaluation of the patient's response to treatment but cross-reactions with H. capsulatum antigens can occur. At present, paracoccidioidomycosis antigen testing is not available as a routine diagnostic test although several reports have described the detection of P. brasiliensis antigen in urine, cerebrospinal fluid, and bronchoalveolar fluid samples [70] . Others have noted that antigen levels in serum diminish or even disappear during successful treatment [71] .
Therapy
Patients with mild to moderate paracoccidioidomycosis should be treated with itraconazole rather than an alternative azole or trimethoprim-sulfamethoxazole [72] . For those with severe disease, an amphotericin B formulation should be used. Alternative triazoles have been incompletely evaluated in the treatment of paracoccidioidomycosis, although voriconazole and isavuconazole have exhibited efficacy [73, 74] .
Penicilliosis
The etiologic agent of penicilliosis, previously known as Penicillium marneffii, is genetically and phenotypically remote from saprophytic Penicillium species, and was thus recently renamed Talaromyces marneffei [75] . To preserve continuity in the literature, the name of the disease remains penicilliosis.
Epidemiology
Apart from isolated cases [76, 77] , penicilliosis is limited to persons living in or who have traveled to Southeast Asia or southern China [78] . Most cases occur in immunocompromised individuals. Prior to the AIDS epidemic, only a handful of cases had been described, but in the AIDS era it became the third most common opportunistic infection in northern Thailand [79] . T. marneffei has been isolated from four species of bamboo rats (Rhizomys pruinosis, Rhizomys sinensis, Rhizomys sumatrensis, and Cannomys badius) and from the earth in and around their burrows [78, 79] .
Diagnostics
Diagnosis is usually made based on identification of the organism on a smear of a skin lesion, histopathology (skin, lymph node, and bone marrow biopsies giving the best yields), or culture [78, 79] . A number of serologic and molecular tests have been developed but require further validation studies before they can be recommended for routine diagnosis [80, 81] . Up to two thirds of individuals with penicilliosis test positive for galactomannan [82] . Although mass spectrometry is increasingly used in the identification of medically important fungal infections, a recent study found that none out of 28 T. marneffei isolates were identified by matrix-assisted laser desorption/ionization-time of flight (MALDI-TOF) [83] . This was because the identification software did not include T. marneffei, but even once included, sensitivity was only 86 %. Nested PCR (of whole blood or tissue biopsies) has been shown to be useful in expediting the diagnosis of T. marneffei. More recently, a study found that a real-time PCR had a slightly improved sensitivity (77 %) compared to nested PCR (66 %) in the detection of T. marneffei in whole blood [80] .
Advances in Therapy
Treatment should involve initial amphotericin B followed by secondary prophylaxis with itraconazole [84] . The importance of receiving both itraconazole secondary prophylaxis and ART in 103 HIV-infected individuals with culture-confirmed penicilliosis was shown in a retrospective cohort review that found that mortality was 100 % in those who did not receive ART or itraconazole secondary prophylaxis, 95 % in those receiving itraconazole but no ART, and 5 % in those receiving both [85] . In HIV-infected individuals, secondary prophylaxis should continue for a minimum of 6 months and until the CD4+ cell count is ≥100 cells/μL for at least 6 months [85] .
Sporotrichosis
Typically, sporotrichosis is a subcutaneous or cutaneous infection caused by traumatic inoculation of contaminated materials. Pulmonary disease is uncommon outside of the immunosuppressed.
Epidemiology
The global epidemiology of sporotrichosis was recently reviewed [86] . In addition, a systematic review of all humans and animal cases of sporotrichosis reported in the literature from 1898 found three regions to be most endemic: Brazil (5814 cases), China (3299 cases), and South Africa (3154 cases) [87] . Sporothrix brasiliensis is confined to Brazil, Sporothrix globosa to South America and Asia, and Sporothrix schenckii sensu stricto has a worldwide distribution ( Fig. 1) [86] . Of the 14,000 cases documented, most occurred within outbreaks (involving between 5 and 3069 cases). There are currently two ongoing outbreaks: (i) an outbreak of S. brasiliensis in south-east Brazil that is a zoonosis transmitted by contact with infected cats [88] . This Sporothrix is thought to multiply in the cats' saliva and then be transferred to the claws during licking. Both scratches and bites can thus transmit S. braziliensis to humans and dogs. Phylogenetic and geographic analyses support the idea that the S. braziliensis outbreak occurred in South Eastern Brazil following a habitat shift from plants to cats [89, 90] . (ii) An outbreak of S. globosa in Jilin, north-east China, that is a sapronosis likely related to the fungus growing in fermenting offcuts from corn [87] . The increased temperature induced by fermentation is hypothesized to favor the growth of the more pathogenic yeast form. The fact that farmers typically carry large bundles of this decomposing corn in their arms bringing it into contact with their faces is thought to explain why 92 % of skin lesions in this, but not other, outbreaks have occurred on the face [87] .
S. schenckii sensu stricto which has a more global distribution and is the ancestral strain is thought to be transmitted through traumatic inoculation such as through thorns penetrating the skin. Recent outbreaks of S. schenckii sensu stricto include one from Northern Australia where wet hay was implicated as the source [91] and an outbreak in South African mineworkers where 33 % of miners examined had skin lesions compatible with sporotrichosis [92] . Untreated rotten timber supports underground were thought to be responsible.
Diagnostics
Being a predominantly cutaneous disease, the diagnosis is best made by biopsy and culture of the affected site. On occasion, biopsy and culture must be repeated. Mass spectrometry may be promising for rapid identification of Sporothrix isolates: a study established a reference database for species identification using MALDI-TOF and demonstrated excellent diagnostic accuracy for all medically important Sporothrix species [93] . Progress has also been made in the development of PCR [94] and serological tests [95] for diagnosis but clinical validation studies are required before these can be recommended for routine use.
Therapy
The last IDSA updates to the treatment guidelines for sporotrichosis were made in 2007 [96] . For severe disease, amphotericin B is indicated [96] . The therapy of choice for lymphocutaneous disease is itraconazole 200 mg/day, typically continued for 2 to 4 weeks beyond the complete resolution of all lesions; a 3-to 6-month course is usually necessary [96] . Alternatives to itraconazole include terbinafine [97] and iodide [98] . Miltefosine, a phospholipid analogue used in the treatment of leishmaniasis, has been shown to have activity against S. brazilensis strains with reduced sensitivity to itraconazole and amphotericin B [99] . There is some variation in susceptibility to antifungals between subtypes, with S. braziliensis more likely to be susceptible to itraconazole and other antifungals than S. globosa and S. schenckii sensu stricto [100] .
Vaccination of cats has been proposed as a control strategy in Brazil. A cell wall-based vaccine candidate was found to confer protective immunity in a mouse model and thus provides encouragement for this strategy [101] .
Conclusions
Scientific advancements regarding the endemic mycoses have occurred at both the bench-top and bedside, but still knowledge gaps abound. Research priorities should include elucidating host and pathogen factors involved in the development of disease, optimizing availability and implementation of useful diagnostic tests, particularly in developing countries, and refinement of treatment recommendations. [87] 
